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OPTIMIZATION MODEL FOR A DELIVERY
FACILITY WITH CHOSEN ROUTE
Salamiah, Tulus, Mardiningsih
Abstract. The design of vehicle routes on the way to distribute important items
to determine the location of the facility aims to minimize the total mileage of the
vehicle so as to minimize distribution costs. This means choosing a sub collection
of facilities and planning delivery routes that can meet customer demand. In this
case, limits are given to the routes that must be passed for shipping.
1. INTRODUCTION
Site selection means avoiding as much as possible all negative aspects and
getting a location with the most positive factors. Determining the right
position will minimize the short-term and long-term costs (investment and
operations), and this will increase the company’s competitiveness. In the
service business sector, such as the location of bank branch offices, retail
shops, public health service centers, firefighting units and others even require
more complex considerations.
Facility location problem (Facility Location Problem abbreviated as
FLP) is a known problem in combinatorial optimization that is applied
in determining the opening of facilities from a set or potential location or
location, so that customers can minimize operational and transportation
Received 19-07-2018, Accepted 27-07-2018.
2010 Mathematics Subject Classification: 65K10
Key words and Phrases: Facility, Distribution, Delivery Route, Customer Demand.
103
Salamiah et al.,– Optimization model for a delivery facility 104
costs. In this case it is necessary to limit the fulfillment of requests from
each customer, and each facility cannot supply beyond the capacity of the
facilities provided.
Applications from FLP also include planning, distribution, location
and area in production planning and in telecommunication network design.
Heuristic and algorithmic approaches can be used to solve FLP that has
been proposed in the literature. Heuristic settlement method and algorithm
then tabu search method for p-median problems and FLP with one source.
Heuristic approaches and solutions are right for FLP, one of which is using
Langrangean relaxation where demand is limited with or without additional
capacity.
The facility location problem is a set consisting of m and n elements
with m is a potential place or location with adequate facilities and n is a
customer whose request can be fulfilled from the available facilities.
Suppose the set J = 1, 2, 3, · · · , m is the set of all facilities with i ∈ J
having the capacity ai, and K = 1, 2, 3, · · · , n is the set of all customers and
each j ∈ K has a request bj. The opening cost of facility i is fi and cij is
transportation cost from facility i to customer j, and xj shows the amount
of flow from facility i to customer j. The flow from facility i to customer
j is called arc(i, j) and the variable yi is defined as follows: yi = 1 if the
facility is opened and y = 0 if the facility is closed. The formulation of FLP
above can be written with:
Z = min
∑
k∈K
∑
j∈J
ckjxkj +
∑
j∈J
fjyj (1)
Z is an objective function that has demand constraints from each cus-
tomer and constraints on the amount of supply from all customer facilities.
In this study an optimization model will be discussed for the location of
facilities by considering the distance and route selected.
2. TSP-BASED VRP MATHEMATICS MODEL
Simple TSP-based VRP model. Given a networkG = (N, L) with N showing
a set of vertices N = 0.1, · · · , n and L = (i, j); ij ∈ N, i 6= j shows the set
of arc (link). Vertex O addresses depots with a number of NV vehicles.
The distance matrix D is defined in L. If it is dij = dji for all (i, j), then
the problem can be said to be semantic and arc represents an undirect arc.
Customer requests i are expressed by qi and the number of customer requests
on the route may not exceed Qk capacity. The purpose of this basic VRP is
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the determination of the vehicle NV route which provides a minimum total
distance with each vehicle departing from the depot and back again to the
depot. The mathematical model formulation for basic VRP can be stated
as follows:
min
∑
i
∑
j
∑
k
dijxijk (2)
With constraints: ∑
i
∑
k
xijk = 1, for all j (3)
∑
i
xijk −
∑
j
xpjk = 0, for all p, k (4)
∑
i
qi(
∑
j
xijk) ≤ Qk, for all k (5)
n∑
j=1
x0jk ≤ 1, for all k (6)
yi − yj + n
NV∑
K=1
xijk ≤ n− 1, i 6= j, i 6= 0, j 6= 0 (7)
xijk ∈ 0, 1, for all i, j, k (8)
yi Arbitrary (9)
The objective :
Function 2 : A purpose function that minimizes total distance
Constraints 3 : Constraints that guarantee that each vertex is only
passed by one vehicle.
Constraints 4 : Constraints that guarantee that each vertex i is
only passed by one vehicle.
Constraints 5 : Constraints that state vehicle capacity
Constraints 6 : Constraints that guarantee that the vehicle assigned
does not exceed vehicle NV.
Constraints 7 : Constraints that act as a limiting elimination so that
the vehicle route always starts from the depot and
ends at the depot.
Constraints 8 and 9 : States Constraints 8 and 9 as binary variables
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3. SPP-BASED VRP MATHEMATICAL FORMULATION
SPP based mathematical programming formula for basic VRP. SPP-based
formulation is stated as follows : R shows a suitable candidate route route
N = 1, · · · , n. Air is a constant that is worth 1 if route r serves customer
I and is 0 if route r does not serve customers i. The cost for route r (a
combination of fixed costs and variable costs) is expressed by the cr and xr
notations which are binary variables that are 1 if the r route is chosen as
the optimal solution.
min
∑
r∈R
crxr (10)
Constraints: ∑
r∈R
Airxr = 1, ∀i ∈ N (11)
xr ∈ {0, 1}, ∀i ∈ R (12)
The objective:
Function 10 : The objective function is the total cost which includes
fixed vehicle costs and variable costs in the form of ve-
hicle travel costs.
Constraints 11 : Constraints that guarantee that each customer is only
visited by one vehicle.
Constraints 12 : Constraints that show the limits of the value of binary
variables.
The optimal solution is obtained by completing this SPP formulation
using the Integer Programming Solver. The set of feasible routes is generated
by enumerating all possible routes from each subsets of subscriber sets. Each
route generated for each subset is checked for its feasibility against capacity
constraints
4. RESULT AND DISCUSSION
4.1 Location Routing Problem (LRP)
For example LRP, specified I as the place of the customer and J as the
place to be chosen. For graph G = (V, E), for V = I ∪ J is the set of vertex
and E is the set of edge, such that E = V × V . Define dij for all (i, j) ∈ E
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as the distance between vertex i and j. In this case, the distances satisfy
the irregular triangle. We say dij = 0, ∀(i, j) ∈ E if i = j.
A feasible route k associated with facility j is defined as a simple circuit
that begins at facility j, visits one or more customer vertex and returns to
facility j and that has a total distance of at most the maximum distance,
denoted M . Let Rj be the set of all feasible routes associated with the
facility j, ∀j ∈ J. The cost of a route k ∈ Rjis the sum of the costs of the
edge in the route. The cost within an edge (i, j) ∈ E is proportional to the
distance dij relating to long trips.
Then found mathematical formulation:
Parameter
aijk =


1, if customer is visited from facility j using route k ∀i ∈ I, ∀j ∈ J,
∀k ∈ Rj
0, otherwise
c(jk) = cost per unit distance of route k connected with facility
j, ∀j ∈ J, ∀k ∈ Rj
fj = fixed cost connected with selecting facility j, ∀j ∈ J
γ = object weighted factor
(LRP-DC) Minimize
γ
∑
j∈J
fjXj +
∑
j∈J
∑
k ∈ RjcjkdjkYjk (13)
s.t. ∑
j∈J
∑
k∈Rj
aijkYijk = 1∀i ∈ I (14)
Xj − Yjk ≥ 0∀j ∈ J, ∀k ∈ Pj (15)
∑
j∈J
∑
k∈Rj
dijkYijk ≤M∀i ∈ I (16)
Xj ∈ {0, 1}∀j ∈ J (17)
Yjk ∈ {0, 1}∀j ∈ J, ∀k ∈ Rj (18)
The following is an explanation of equations 13 to 18 :
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Function 13 : Declare an objective function to minimum the total
amount of expenses from facilities and travel load
affected by distance.
Constraints 14 : State constraints as partition boundaries that are
determined to serve customers with from one of the
specified routes.
Constraints 15 : States facility constraints j are determined if
route k is related to the facility.
Constraints 16 : State constraints to ensure that total distance
does not exceed the specified distance.
Constraints 17 and 18 as a {0, 1} variable.
The LRP with mileage problem is NP-hard. by setting cost a lot at
edge connected to two customer places, a specific problem will be obtained
that the selected route connects precisely with one customer.
The model LRP-DC potentially contains several exponential variables
yjk and an exponential number of constraints 15. So, to calculate the corre-
sponding route cell while completing an integer program is not very effective.
In this case the neighbor search is precisely used for the settlement model.
4.2 LRP Model with The Route to be Selected
A set Z of cancelled route, a route (v1, v2, v3, · · · , vl) is said to avoid E if
(vi, vi+1, · · · , vj) /∈ E for all i, j such that 1 ≤ i < j ≤ l. A route Q from s
to t is called a shortest E-avoiding route if the length of Q is the shortest
among all E-avoiding route from s to t. With the term exception avoiding
instead of X-avoiding when E is equal to Z, the set of all cancelled paths in
G.
It is necessary to confirm that the customer is not on the canceled
route. Then found the model :
(LRP-SR) Minimize
γ
∑
j∈J
fjXj +
∑
j∈J
∑
k∈Rj ,k/∈Z
∑
i∈I
cijkdijkYijk (19)
s.t. ∑
j∈J
∑
k∈Rj ,k/∈Z
aijkYijk = 1, ∀i ∈ I (20)
Xj − Yjk ≥ 0∀j ∈ J, ∀k ∈ Pj, k /∈ Z (21)
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∑
j∈J
∑
k∈Rj ,k/∈Z
dijkYijk ≤M, ∀i ∈ I (22)
Xj ∈ {0, 1}∀j ∈ J (23)
Yjk ∈ {0, 1}∀j ∈ J, ∀k ∈ Rj (24)
The following is an explanation of equations 19 to 24 :
Function 19 : State the objective function to minimize the amount
covered by facility costs and travel costs by not using
the canceled route and still considering the distance.
Constraints 20 : Express constraints as specified partition restrictions
so that each customer i must be visited from one of
the selected tracks.
Constraints 21 : State constraints if facility j is visited if route k must
relate to the facility j.
Constraints 22 : State constraints that confirms that the total distance
traveled does not exceed the maximum distance specified.
Constraints 23 and 24 as a member of 0,1.
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